Borrelia burgdorferi the Lyme disease spirochete expresses a broad array of adhesive molecules, including the decorin-binding proteins (Dbps) A and B, which are believed to play important roles in mammalian infection. The dbpBA locus was deleted; resulting mutants were able to infect both immunodeficient and immunocompetent mice, indicating that neither DbpA nor DbpB is essential for the infection of mammals although the DbpAB deficiency may significantly attenuate infectivity potential. Generation of dbpAB mutants. To delete the dbpBA locus, a disruption plasmid was first constructed. A 2047-bp fragment covering a partial sequence of the open reading frame (ORF) bba20, the entire ORFs for bba21, bba22 and bba23, and a partial sequence of dbpA (bba24) was amplified with use of primers P1F and P1R ( Fig. 1A; Table 1 ). A second 2145-bp
4 fragment, including a partial sequence of dbpB (bba25), the entire ORFs for bba26, bba27, bba28 and bba29, and a partial sequence of the ORF bba31 was amplified using primers P2F and P2R. The two PCR products were pooled, purified using the QIAquick PCR purification kit (QIAGEN Inc., Valencia, CA), digested with NheI, repurified and ligated. The resultant product was used as a template and amplified by nested PCR using primers P3F and P3R. The PCR product was purified, digested with Acc65I and cloned into the TA-vector pNCO1T as described previously (7) to generate pNCO1T::dbpA'B', which cannot replicate in the borrelial system. A gentamycin cassette (aacC1) was amplified from the shuttle vector pBSV2G (a gift from P. Rosa and P. Stewart) using primers P5F and P5R ( Fig. 1B ; Table 1 ), which confers gentamycin resistance both in Escherichia coli and B. burgdorferi (8) . The amplicon was purified, digested with XbaI and cloned into pNCO1T::dbpA'B' to complete the construction of the disruption plasmid pNCO1T:: dbpA'B'::aacC1. The insert within the plasmid was sequenced to ensure it was as designed.
The B. burgdorferi B31 bbe02 disruptant 5A18NP1 (a gift from H. Kawabata and S.
Norris) was grown in 50 ml of Barbour-Stoenner-Kelly H (BSK-H) complete medium (Sigma Chemical Co., St. Louis, MO) at densities of 5 × 10 7 to 1 × 10 8 cells/ml (mid-to late exponential phase), harvested, washed and transformed with 8.0 µg of the disruption plasmid DNA under standard electroporation conditions (26, 28) . 5A18NP1 was utilized for its high transformability resulting from the disruption of the gene bbe02, a putative restriction-modification gene (14) .
The cells were allowed to recover in 20 ml of BSK-H complete medium at 33 o C for 18 hours.
After a gentamicin concentration of 200 µg/ml was added, the suspension was transferred into 96 Table 1 ). The cassette was found in seven of the 10 clones.
Spontaneous mutations most likely contributed to the three clones, lacking the aacC1 cassette but developing a gentamicin resistance; these clones were discarded. The presence of lp28-1, the plasmid essential for infection in immunocompetent hosts (15, 25) , was examined by PCR as described previously (29); three of the clones maintaining lp28-1 were designated dbpA The plasmid contents of the three selected clones were surveyed by PCR and further confirmed by microarray hybridization as described previously (29), and are presented in Table   2 . The insertion of the aacC1 cassette was reconfirmed by PCR using primers P5F and P5R
( Fig. 1C, top) ; the deletion of the dbpA and dbpB genes was shown by PCR using primers P4F
and P4R (Fig. 1C, bottom) . The lack of DbpA and DbpB expression was confirmed by immunoblotting probed with a mixture of FlaB monoclonal antibody (mAb) and antisera raised against either a recombinant DbpA or DbpB (Fig. 1D ). The FlaB mAb was developed by The dbpBA locus is not essential for infection of either SCID or wild-type mice.
Mice with severe combined immunodeficiency (SCID) were first used to examine whether the dbpBA locus is required for infection. For each of the three dbpAB mutants, two SCID mice on a BALB/c background were inoculated (provided by the Division of Laboratory Animal Medicine at Louisiana State University, Baton Rouge, LA) via one single intradermal/subcutaneous injection of 10 5 organisms. An additional five mice were challenged with the parental clone, 5A18NP1, as a control. All mice were euthanized one month after inoculation; heart, tibiotarsal joint and skin specimens (not from inoculation sites) were aseptically collected for spirochete culture as previously described (29). Spirochetes were successfully recovered from each of the heart, joint, and skin specimens from all of the 11 mice, regardless of whether they received the parental clone or mutants ( Table 2 ), indicating that neither DbpA nor DbpB is required for the infection of immunodeficient mice.
Next, six BALB/c mice (provided by the Division of Laboratory Animal Medicine at Louisiana State University, Baton Rouge, LA) were challenged with the three mutants via one single intradermal/subcutaneous injection of 10 5 organisms; an additional five mice received 5A18NP1 as a control. In a separate experiment, 10 animals were inoculated with the three mutants; an additional five mice were given the parental clone. All mice were euthanized one month later; 5A18NP1 spirochetes were recovered from each of the heart, joint, and skin specimens of all 10 mice of the two experiments (Table 3) . Fourteen of the 16 mice inoculated (19) . The current study shows that neither DbpA nor DbpB is required for the infection of immunodeficient or immunocompetent mice. The data presented in conjunction with studies by others (16, 19, 27) firmly demonstrate that the lack of P1F  AAATGCCCTTGTATGTAGCAATTACA  P1R  CAGCTAGCAAAAATAACTAATAAACAACAT  P2F  TTGCTAGCTTCTCTTAAGGCTAGTCCA  P2R  AAGCTTAAGACCTGCTATCTTACAA  P3F  AAGGTACCAATAACAGCAGAGAAAT  P3R  TAGGTACCTGCTATCTTACAAAAAGACT  P4F  CGCATGTAGTATTGGATTAG  P4R  CATTGCTGAAAATTCACCAC  P5F  TATCTAGAGCTTCAAGGAAGATTTCC  P5R AAATCTAGACGCTCAGTGGAACGAA a P1R and P2F, P3F and P3R, and P5F and P5R contain restriction enzyme sites (underlined) NheI, Acc65I, and XbaI, respectively. a Each of the three dbpA -B -clones was inoculated into two SCID mice, and the parental clone, 5A18NP1, was inoculated into five mice, as a control. All animals were sacrificed one month after inoculation. Heart, tibiotarsal joint, and skin specimens were harvested and cultured for spirochetes in BSK-H complete medium. a Each of the three dbpA -B -clones was inoculated into one to three (in experiment I) or three or four BALB/c mice (in experiment II), and 5A18NP1 was used to infect five mice as a control in each experiment. All animals were sacrificed one month after inoculation. Heart, tibiotarsal joint, and skin specimens (not from the inoculation site) were harvested and cultured for spirochetes in BSK-H complete medium. 
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